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CHRISTOPHER NEVILLE, PT, PhD¹@;<<>EK9A" PT, PhD²
Choosing Among 3 Ankle-Foot Orthoses 
for a Patient With Stage II  
Posterior Tibial Tendon Dysfunction
Patients’ perception of their pain and 
functional limitation can be mild, which 
is in stark contrast to the advanced ﬂat-
foot deformity and weakness patients 
commonly exhibit. The clinical paradox 
of mild functional limitation with ad-
vanced ﬂatfoot deformity poses a prob-
lem when trying to select an appropriate 
orthosis. Advanced ﬂatfoot deformity 
and weakness support the clinical use of 
custom orthoses, which, though expen-
sive, give maximal support to the foot 
and theoretically prevent further defor-
mity. Yet minimal functional limitations 
and complaints of pain suggest that 
custom orthoses, which limit foot and 
ankle movement, may be unnecessary. 
Furthermore, custom orthoses may lead 
to altered gait patterns and contribute to 
weakness and, therefore, dependency.
Numerous clinical guidelines recom-
mend the use of orthoses for the conser-
vative management of PTTD.7,11,15,19,29,34 
These guidelines are not based on con-
trolled trials comparing orthoses but, 
rather, on observational studies and 
theory. Thus choosing an appropriate or-
thosis is difficult. Although there are only 
limited data, current evidence suggests 
that the use of more restrictive orthoses 
that cross the ankle joint will be the most 
successful in the clinical management of 
stage II PTTD. A 2-year follow-up using 
the validated Foot Function Index (FFI) 
questionnaire reported that 90% of pa-
P
osterior tibial tendon dysfunction (PTTD) is typically described 
as a progressive disorder ranging from stage I to stage IV, with 
hallmarks of advancing ﬂatfoot deformity and deteriorating 
function. Ultimately, stage IV is identiﬁed by the presence 
of arthritic changes in the lateral talocrural joint.25 The timeline for 
progression of this dysfunction is not clear, though strengthening 
programs and the use of orthoses may slow its progression.24,26
TIJK:O:;I?=D0 Case report.
T879A=HEKD:0 No head-to-head comparisons 
of different orthoses for patients with stage II 
posterior tibial tendon dysfunction (PTTD) have 
been performed to date. Additionally, the cost of 
orthoses varies considerably, thus choosing an 
effective orthosis that is affordable to the patient is 
largely a trial-and-error process.
T97I;:;I9H?FJ?ED0 A 77-year-old woman 
was seen with complaints of abnormal foot 
posture (“my foot is out”), minimal medial foot 
and ankle pain, and a 3-year history of conser-
vatively managed stage II PTTD. The patient was 
not able to complete 1 single-limb heel rise on the 
involved side, while she could complete 3 on the 
uninvolved side. Ankle strength testing revealed 
a mild to moderate loss of plantar ﬂexor strength 
(20%-31% deﬁcit on the involved side), combined 
with a 22% deﬁcit in isometric ankle inversion and 
forefoot adduction strength. To assist this patient 
in managing her ﬂatfoot posture and PTTD, 3 or-
thoses were considered: an off-the-shelf ankle-foot 
orthosis (AFO), a custom solid AFO, and a custom 
articulated AFO. The patient’s chief complaint was 
partly cosmetic (“my foot is out”). As decreasing 
ﬂatfoot kinematics may unload the tibialis poste-
rior muscle, thus prevent the progression of foot 
deformity, the primary goal of orthotic intervention 
was to improve ﬂatfoot kinematics. Given the diffi-
culties in clinical approaches to evaluating ﬂatfoot 
kinematics, a quantitative gait analysis, using a 
multisegment foot model, was used.
TEKJ9EC;I0 In the frontal plane, all 3 orthoses 
were associated with small changes toward hindfoot 
inversion. In the sagittal plane, between 2.7° and 
6.1°, greater forefoot plantar ﬂexion (raising the me-
dial longitudinal arch) occurred. There were no dif-
ferences among the orthoses on hindfoot inversion 
and forefoot plantar ﬂexion. In the transverse plane, 
the off-the-shelf design was associated with forefoot 
abduction, the custom solid orthosis was associated 
with no change, and the custom articulated orthosis 
was associated with forefoot adduction.
T:?I9KII?ED0 Based on gait analysis, the high-
er-cost custom articulated orthosis was chosen 
as optimal for the patient. This custom articulated 
orthosis was associated with the greatest change 
in ﬂatfoot deformity, assessed using gait analysis. 
The patient felt it produced the greatest correction 
in foot deformity. Reducing ﬂatfoot deformity while 
allowing ankle movement may limit progression of 
stage II PTTD. 
TB;L;BE<;L?:;D9;0 Therapy, level 4.  
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TA;OMEH:I0 biomechanics, PTTD, tendinopathy
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tients wearing the custom Arizona ankle-
foot orthosis (AFO) had decreased pain 
and increased function.3 Similar results 
have been reported for individuals using 
other AFO designs.6 A recent 7-year fol-
low-up study indicated overall long-term 
success (deﬁned as the patient being or-
thosis free and avoiding surgery) in 69.7% 
of cases treated with a custom-AFO de-
sign.26 Off-the-shelf orthoses that extend 
above the ankle, such as the AirLift PTTD 
orthosis (DJ Orthopedics, Vista, CA), are 
also available commercially and widely 
used, despite limited data on effective-
ness.27 Overall, data support the use of 
more restrictive custom orthoses that ex-
tend proximal to the ankle joint3,6; but off-
the-shelf designs offer a considerable cost 
savings and are clinically popular.
Recently, numerous research-
ers31,32,36,40 have identiﬁed speciﬁc ﬂat-
foot kinematics in subjects with stage 
II PTTD that are linked to damage 
of the tibialis posterior tendon or the 
spring ligament.9,32 In vivo kinematic 
models, as well as static measurements 
of foot posture (eg, radiographs), sug-
gest that excessive hindfoot eversion 
and forefoot abduction are typical in 
individuals with stage II PTTD.31,40 To 
unload the tibialis posterior tendon, 
correction of a patient’s ﬂatfoot kine-
matics toward hindfoot inversion and 
forefoot adduction is proposed as a goal 
for orthoses.32 The spring ligament is 
commonly damaged in individuals with 
PTTD.9,14 The spring ligament prevents 
hindfoot eversion and plantar ﬂexion of 
the talus.20 Therefore, orthoses that in-
duce inversion of the hindfoot and raise 
the medial longitudinal arch (MLA) are 
recommended to unload the spring lig-
ament.20 Correction of forefoot abduc-
tion is thought to occur by controlling 
the hindfoot and MLA.2,4,12 This focus 
on decreasing stress to the tibialis pos-
terior and spring ligament by targeting 
correction of speciﬁc foot kinematics 
may contrast with approaches that focus 
on forefoot varus. With this approach, 
orthotic designs include forefoot varus 
corrections to indirectly correct other 
foot kinematics, such as hindfoot in-
version, but may not directly target 
correction of MLA height or forefoot 
abduction. Perhaps due to the necessity 
to offload the tibialis posterior muscle in 
patients with PTTD, current custom or-
thotic designs have focused on directly 
compensating for the function of the 
muscle and associated spring ligament, 
and not on forefoot mechanics.
Weakness in subjects with stage II 
PTTD may impact functional mobility 
and inﬂuence orthosis selection. Imaging 
studies have identiﬁed atrophy of the tibi-
alis posterior muscle in individuals with 
stage II PTTD,37,41 while another study, 
testing overall isokinetic ankle strength, 
found signiﬁcant weakness in all planes 
of ankle motion.1 Ankle plantar ﬂexion 
weakness may account for functional im-
pairments and gait disturbances reported 
by patients with PTTD.3,24 Orthoses that 
restrict ankle motion (solid AFO), while 
very popular, may induce plantar ﬂexor 
weakness and increase dependence on 
the orthosis for support. Nevertheless, 
in cases of severe deformity, the use of 
orthoses that restrict ankle plantar ﬂex-
ion may be justiﬁed to correct ﬂatfoot 
deformity and unload the tibialis poste-
rior muscle. Consistent with theory that 
unloading the foot is necessary, orthoses 
that are custom made and allow ankle 
movement (hinged AFOs) are consid-
ered insufficient. Similarly, off-the-shelf 
orthoses that rely on a general ﬁt to limit 
hindfoot movement and support the 
MLA are controversial. The less optimal 
performance of these orthoses compared 
to solid AFOs would be a smaller correc-
tion in foot kinematics. The foot kinemat-
ics these orthoses are currently designed 
to control are hindfoot eversion and MLA 
lowering.
The purpose of this case report was 
to select the most appropriate of 3 com-
mon AFO designs for a patient with 
stage II PTTD, based on correction of 
ﬂatfoot kinematics using quantitative 
gait analysis. Correction of ﬂatfoot ki-
nematics is the theoretical goal of treat-
ment using orthoses for stage II PTTD, 
and this goal is made more apparent 
when patients present with only mini-
mal pain and limitation but advanced 
ﬂatfoot deformity. It was assumed that 
hindfoot inversion, forefoot adduction, 
and forefoot plantar ﬂexion (raising the 
MLA) would provide a positive beneﬁt 
to the patient by potentially unloading 
support structures, such as the tibialis 
posterior tendon and spring ligament, 
and improving joint alignment to limit 
the onset of arthritic changes in the lat-
eral talocrural joint.
97I;:;I9H?FJ?ED
History
A 
77-year-old woman with mini-
mal complaints of right medial 
foot and ankle pain and a 3-year 
history of conservatively managed stage 
II PTTD was evaluated for optimal or-
thosis selection. Her medical history 
included a “bad back” that had bothered 
her for approximately 15 years and had 
been attributed to arthritis. The patient 
had diagnostic imaging and managed her 
back pain with medication and rest. The 
patient also complained of hip pain that 
was also attributed to arthritis and pri-
marily limited her ability to comfortably 
reach her feet to lace her shoes. She was 
on blood pressure and thyroid medica-
tion to manage high blood pressure and 
hypothyroidism. She considered herself 
“generally healthy” otherwise. A general 
screen of the proximal joints of the lower 
extremity revealed a limited and weak 
right hip secondary to pain but no other 
impairments (TABLE 1).
She was diagnosed with stage II PTTD 
by a fellowship-trained foot and ankle or-
thopedic surgeon 1 year after the pain be-
gan (2 years previous to this case report). 
Consistent with published recommenda-
tions,17 the diagnosis of stage II PTTD 
was made based on the history, clini-
cal exam, and radiographic evaluation, 
while the use of further imaging studies 
(magnetic resonance imaging) was not 
deemed necessary. Following her diag-
nosis, she pursued various treatments, 
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including the use of an off-the-shelf AFO 
(AirLift PTTD; DJ Orthopedics), as well 
as exercise focused on ankle strengthen-
ing. The course of conservative care with 
exercise, combined with using an ortho-
sis, was motivated by published protocols 
and the theory that the tendon should be 
unloaded initially, followed by reloading 
to remodel and heal the tendon.1,6,24,25 The 
validated FFI questionnaire was used to 
provide baseline information on the pa-
tient’s pain and function and to docu-
ment change with care. The patient’s FFI 
average was 41%, with subscale scores of 
10% for activity limitation, 60.6% for dis-
ability, and 52.8% for pain. The patient 
rated her medial foot and ankle pain as 
7/10, with 0 being “no pain” and 10 be-
ing “the worst pain imaginable,” when de-
scribing the pain at its worst in the past 
24 hours.
Physical therapy management 
consisted of 12 weeks of exercise and 
stretching, including 8 clinic visits and a 
home exercise program. Strengthening 
included resisted ankle inversion and 
forefoot adduction using a Thera-Band 
placed around the forefoot. Similar ex-
ercises have been shown to selectively 
activate the tibialis posterior muscle 
and are recommended for strengthen-
ing.23 Additionally, both double- and 
single-limb heel rises were completed, 
focusing on inverting the heel during 
the activity. Exercises to stretch the 
calf muscle and perform ankle inver-
sion/eversion range of motion were 
also included. Following treatment, the 
patient’s FFI average was 17.8% and 
her subscale scores were 0% for activ-
ity limitation, 33.5% for disability, and 
20% for pain. Pain was rated at 3/10 at 
its worst. Despite the continued pres-
ence of weakness, the patient had dis-
continued physical therapy care after 
the initial 12-week program, feeling 
that she had reached a plateau with her 
functional mobility, pain, and strength. 
After improvement with use of the AFO 
and physical therapy, it was recom-
mended that she “step-down” to the use 
of in-shoe foot orthoses. The in-shoe 
orthoses were an off-the-shelf design, 
with a full-length foot plate, chosen for 
its medial arch support. A medial heel 
wedge of cork (approximately 5 mm) 
<?=KH;'$(A) Foot posture for this patient with advanced stage II posterior tibial tendon dysfunction (PTTD) of 
the right foot. (B) Weight-bearing radiographs of the right foot in this patient demonstrating advanced ﬂatfoot 
deformity. Average angles reported in the literature44 include talar-ﬁrst metatarsal angle (7.1°; 95% conﬁdence 
interval: 3.0° to 11.2°); average (SD) calcaneal pitch angle, 20.8° (4.1°); navicular coverage angle, 19.3° (23.8°).
 
TABLE 1 Clinical Profile
Abbreviation: I/U, involved to uninvolved strength ratio.
* Response to pain at its worst in the past 24 hours, on 0-to-10 scale, with 0 being “no pain” and 10 “the 
worst pain imaginable.”
 ?dlebl[ZI_Z[ Kd_dlebl[ZI_Z[ ?%KHWj_e
Lower extremity screening   
 Range of motion (deg)   
  External rotation 0-25  
  Abduction 0-35  
 Strength   
  Within normal limits, except hip external rotation 3+/5  
  and abduction 3/5  
 Pain* 6/10  
Measures of foot/ankle strength   
 Isometric plantar ﬂexor strength (N)   
  Maximum dorsiﬂexion 83.0 103.8 0.80
  5° dorsiﬂexion 60.5 76.1 0.80
  20° plantar ﬂexion 23.6 34.0 0.69
 Isometric ankle inversion/forefoot adduction (N) 50.2 64.4 0.78
 Single heel rise ability 0 3 
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was added to the involved side to fur-
ther support and correct hindfoot val-
gus position and medial arch height. 
The patient had used the in-shoe or-
thoses and the AFO interchangeably 
over the past 2 years.
The main indications for surgery are 
signiﬁcant ﬂatfoot deformity, persistent 
symptoms, and functional limitations.30 
The patient’s ﬂatfoot deformity was sig-
niﬁcant (<?=KH;'7) enough to make her 
a candidate for surgery; however, her 
symptoms and functional limitations 
were only minimal for her lifestyle. Fur-
ther, she continued to adequately manage 
her pain with the use of in-shoe orthoses, 
intermittent exercise, and AFO wear.
The patient presented at this point 
(approximately 2 years after conserva-
tive treatment with physical therapy and 
bracing, and about 3 years since the pain 
ﬁrst started) with complaints of limited 
recreational mobility (walking for ﬁtness 
and to go shopping) due to her foot and 
ankle pain, although the AFO or in-shoe 
orthoses had been helpful. Her current 
pain at its worst in the past 24 hours 
was 3/10, with 0 as “no pain” and 10 “the 
worst pain imaginable.” She also consis-
tently complained that, cosmetically, her 
foot was still “out,” meaning that her in-
volved foot was noticeably laterally devi-
ated when she walked.
J[ijiWdZC[Wikh[i
Signs consistent with stage II PTTD in-
cluded excessive hindfoot eversion when 
standing and a positive too-many-toes 
sign, indicating forefoot abduction (<?=-
KH; '7). A thorough assessment of foot 
alignment and structure included a clini-
cal exam, radiographic exam, and use of 
validated MLA measurements. The foot 
and ankle exam revealed a hindfoot ever-
sion deformity of 18° on the right and 8° 
on the left, during standing. Hindfoot 
inversion to neutral was possible on the 
right, while on the left an inversion angle 
of 7° was passively achieved. Weight-
bearing radiographs were available and 
used to characterize the structure of the 
ﬂatfoot (<?=KH;'8).38,44 Interpretation of 
the radiographic ﬁndings suggested loss 
of MLA height and advanced forefoot ab-
duction deformity. The Arch Height In-
dex (AHI), a reliable and valid measure 
of MLA height,43 was 0.277, when record-
ed in a seated position. This indicated a 
lower MLA compared to the uninvolved 
side (0.303) and published normative 
data (mean  SD, 0.340  0.030).5 The 
patient was also noted to have a forefoot 
varus deformity (a position of forefoot 
inversion relative to the hindfoot), when 
assessed in a non–weight-bearing posi-
tion. But this was not measured, as it was 
deemed less severe than the other ﬂat-
foot deviations (hindfoot eversion, fore-
foot abduction, and a low MLA), and is 
less commonly described in the clinical 
or radiological examination of individu-
als with PTTD.21,38,44
In terms of strength and function, 
the patient was able to complete only 5 
bilateral heel rises, with a decrease in 
heel elevation on the involved (right) 
side. The use of the double heel rise has 
been described as helpful in assessing 
inversion range, or correction of valgus 
hindfoot positioning compared to stand-
ing.25 During the bilateral heel rise, the 
patient was able to achieve an inverted 
position bilaterally; however, hindfoot 
inversion of the uninvolved side was 
greater than that of the involved side. 
The single heel rise is an assessment of 
strength, and the patient was not able 
to complete a single heel rise on the in-
volved side. On the uninvolved side, she 
completed 3 heel rises, with minimal 
upper extremity support for balance and 
a heel height similar to that of a bilateral 
heel rise. During the single heel rise, the 
hindfoot did not move from its everted 
standing position on the involved side, 
an indication of tibialis posterior weak-
ness and/or plantar ﬂexion weakness. 
She complained of pain on the medial 
ankle and under the MLA during sin-
gle- and double-heel-rise tests, ranging 
between 2/10 and 4/10.
The ability to complete a heel rise is 
also dependent on strength in the ankle 
plantar ﬂexor muscle group. A strength 
proﬁle was completed, including isomet-
ric ankle plantar ﬂexor testing, as well as 
ankle inversion and forefoot adduction 
testing meant to isolate the role of the tib-
ialis posterior muscle.18,23 Isometric plan-
tar ﬂexor testing was done on the Biodex 
System 4 at 3 ankle positions (maximum 
dorsiﬂexion, 5° of dorsiﬂexion, and 20° 
of plantar ﬂexion). Ankle inversion and 
forefoot adduction testing was done using 
a custom strength-testing device, previ-
ously described and validated,18 that in-
cludes a sliding plate connected in series 
with a force transducer. Subjects were 
asked to invert the ankle and adduct the 
forefoot isometrically, while peak force 
was recorded (TABLE 1).
The strength proﬁle revealed mild to 
moderate weakness of the plantar ﬂexors 
(20%-31% deﬁcit compared to the unin-
volved side) and a 22% deﬁcit in ankle 
inversion and forefoot adduction (deep 
posterior compartment weakness). The 
patient reported between 2/10 and 4 /10 
pain during strength testing, but did not 
feel that pain limited her ability to pro-
vide maximum effort during testing. In 
our experience, the amount of plantar 
ﬂexor weakness was not sufficient to ex-
plain the loss of single-heel-rise ability. 
The clinical hypothesis was that the fail-
ure to heel rise was related to abnormal 
mechanics due to the ﬂatfoot deformity. 
Consequently, the therapeutic goals were 
to (1) use an orthosis to stabilize the foot 
as much as possible, and (2) prevent fur-
ther weakness of the ankle plantar ﬂex-
ors and subtalar inverters, if possible. 
However, the cost of a custom AFO can 
be more than $1000, which is consider-
ably greater than the current orthoses 
she was using (both her off-the-shelf in-
shoe orthosis and her off-the-shelf AFO 
were $60.00). Yet it was also clear clini-
cally that her foot alignment was not 
adequately controlled with her current 
off-the-shelf foot orthosis and AFO. The 
presence of forefoot abduction deformity 
was clinically obvious and was one of the 
patient’s chief complaints. Gait analysis 
was used to help determine whether 
custom orthoses offered better correc-
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based on positive outcomes with other pa-
tients3,6,27 and the components necessary 
to correct the observed ﬂatfoot deformi-
ty. The ﬁrst orthosis was an off-the-shelf 
AFO (AirLift PTTD; DJ Orthopedics, 
Vista, CA), the second a custom-molded 
AFO with a nonarticulating ankle (Ari-
zona AFO, Inc, Mesa, AZ), and the third a 
custom-molded AFO with an articulating 
ankle (Arizona AFO, Inc). These orthoses 
may be broadly described as utilizing 2 
mechanisms to manage the symptoms 
and ﬂatfoot deformity observed in indi-
viduals with PTTD. First, each of these 
orthoses provides compression to the 
ankle, which aids in controlling swelling 
and provides proprioceptive support.10,27 
Second, each orthosis attempts to cor-
rect foot alignment by applying forces in 
locations needed to return the foot to a 
neutral position or prevent further de-
formity from occurring. Limits for hind-
foot eversion are provided by 3 points of 
contact—lower lateral leg, medial mal-
leolus, and lateral heel—to maintain a 
neutral hindfoot-to-leg position. To sup-
port or correct the height of the MLA, 
the mechanism used is different for the 
custom and off-the-shelf orthoses. For 
the custom orthoses (articulated or sol-
id), support for the MLA comes from a 
foot plate that extends to the metatarsal 
heads and is ﬁtted to the MLA, while the 
foot is held in a neutral hindfoot align-
ment and supported arch. For the off-the-
shelf orthosis, an airbladder component 
is positioned under the MLA and inﬂated 
to raise the MLA. Control of forefoot ab-
duction is accomplished by relying on 
coupled motion in the midfoot, occurring 
with correction of hindfoot eversion. Ad-
ditionally, 3 points of contact, including 
the lateral heel, medial arch, and lateral 
forefoot (by the orthosis and shoe), may 
aid in correcting forefoot abduction.
Three weeks before a scheduled 
testing session, casting for the custom 
orthoses was completed by a certiﬁed pe-
dorthist. The foot was marked for boney 
landmarks and wrapped with ﬁberglass. 
The foot was positioned in contact with a 
casting plate on the ﬂoor, with the hind-
foot positioned in subtalar neutral, as 
palpated by the pedorthist. The resulting 
negative mold was sent to the Arizona 
Company for the manufacture of 2 or-
thoses for testing.
The custom orthoses were modiﬁed 
to include a “window” needed to visual-
ize the calcaneus for gait analysis (<?=-
KH;I(7D:)). The custom orthoses are 
constructed using a 3-mm polypropyl-
ene (plastic) ankle shell sewn inside a 
leather cover. The plastic shell covers 
the medial and lateral ankle (clam-
shell) and continues around the foot, to 
extend along the plantar aspect of the 
foot and end proximal to the metatar-
sal heads. The posterior portion of the 
heel contains no plastic support. In the 
solid-ankle design this posterior heel 
is covered with leather, while in the 
articulated-ankle design the foot and 
shank parts of the orthosis are sepa-
rated by a joint that leaves the posterior 
heel open. In the solid-ankle design the 
leather portion on the posterior heel 
was removed without altering the plas-
tic support. In the articulated design the 
window was already available but was 
enlarged by trimming distal to the joint 
into the foot part of the orthosis to al-
low kinematic marker placement. The 
window locations were chosen to avoid 
the plastic support structure of the or-
thoses and, qualitatively, did not appear 
to alter the integrity of the orthoses but, 
rather, removed the leather cover that 
was deemed aesthetic. Windows were 
also made in the testing shoe in the area 
tion of ﬂatfoot deformity than the off-
the-shelf orthosis she was using. It was 
assumed that greater correction of foot 
alignment would positively affect mo-
bility, maintain current ankle strength, 
limit progression to arthritic changes 
seen with stage IV PTTD, and prevent 
reoccurrence of painful episodes.
:[l_Y[:[i_]dWdZ<WXh_YWj_ed
For this patient, 3 AFOs were considered, 
<?=KH;($The 3 orthoses evaluated for use in this case report with modiﬁcations needed for motion analysis 
testing.
<?=KH;)$Custom solid orthosis with shoe, modiﬁed for 
testing in the laboratory. Holes were cut in the orthosis 
and shoe to allow visualization of the infrared markers 
for kinematic testing. (A) Tibia markers; (B) window cut 
in the orthosis and shoe to allow visualization of the 
calcaneal markers; (C) window cut in the shoe to allow 
visualization of the metatarsal markers.
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of the heel marker and marker on the 
dorsal surface of the ﬁrst metatarsal. 
Similar efforts to maintain the stability 
of the shoe were taken by adding a heel 
strap and replacing the shoe lacing. A 
previous study indicated that heel coun-
ter stability was altered less than 10% 
following similar shoe alterations.42 The 
modiﬁcations made to the shoe and or-
thoses were completed with input from 
the authors and pedorthist, with efforts 
to maintain the integrity of the orthoses 
while completing the protocol. The cus-
tom orthoses were considered ﬁt to wear 
long term by the patient following the 
testing protocol, if suggested.
The patient was seen 2 weeks prior to 
testing for ﬁtting of the orthoses. Each of 
the custom orthoses was ﬁt by the pedor-
thist, which included contouring the mold-
ing over the medial navicular process and 
medial malleolus to alleviate pressure dur-
ing standing. These were deemed common 
alterations by the attending pedorthist for 
the ﬁnal ﬁtting of these custom orthoses. 
The off-the-shelf orthosis was ﬁt according 
to manufacturer recommendations and 
was checked to ensure that the same shoe 
could be used during the kinematic testing. 
The subject was given a wearing schedule 
to gradually accommodate to the orthoses 
over the following 2 weeks and to keep a 
log of the time spent wearing each orthosis. 
The subject was instructed to wear each or-
thosis for a few hours each day, wearing the 
same orthosis for 3 days before starting the 
next one. This routine was repeated for 2 
weeks until the motion testing occurred.
Cej_ed7dWboi_iJ[ij_d]
At the time of testing, the patient had 
worn each orthosis an average of 15 hours 
over the 2 weeks prior and reported that 
she felt the custom orthoses seemed to 
provide greater support (“they prevent 
my foot from going out”), compared to 
the off-the-shelf design. But the off-the-
shelf design was easier to wear and was 
more comfortable. The session consisted 
of a series of walking trials to test each or-
thosis. Initially, the off-the-shelf AFO was 
used along with the modiﬁed shoe. The 
off-the-shelf AFO contains an airbladder 
along the medial side that was ﬁlled to a 
pressure level of 4 PSI (27.6 kPa) in a non–
weight-bearing position. The 4 PSI level 
was chosen as a midlevel inﬂation com-
fortable to patients and previously found 
to achieve correction of foot kinematics.33 
Infrared-emitting diodes (IREDs) were 
then taped to the skin through the visual-
ization holes in the shoe. The subject was 
asked to walk down a 5-m walkway at a 
speed of 1.3 m/s. Speed was maintained 
within 5%, using an infrared timing 
system. Following 5 successful trials, in 
which the involved foot landed complete-
ly on the force plate and the markers were 
in view, the shoe was removed by unlacing 
the front and unhooking the custom heel 
counter that was attached to the back of 
the shoe. This was done without remov-
ing the IREDs. The off-the-shelf AFO was 
removed by cutting the neoprene sleeve, 
again without disrupting the placement of 
the kinematic markers. Next, the custom 
molded, solid-ankle AFO was donned, 
along with the shoe, and the walking 
trials were repeated. Finally, this same 
procedure was repeated with the custom-
articulated AFO.
Kinematic data were collected using 
a 3-segment foot model that included 
the tibia, calcaneus (hindfoot), and ﬁrst 
metatarsal (forefoot), similar to a previ-
ously described model.40 Brieﬂy, sets of 
3 IREDs were mounted on rigid ther-
moplastic platforms, and then attached 
using double-sided adhesive tape. 
Anatomic landmarks were digitized to 
establish local anatomically based co-
ordinate systems for each segment. Mo-
tion of the distal most foot segment was 
then calculated relative to the adjacent 
proximal segment, based on the Euler 
rotation sequence of ﬂexion/extension, 
inversion/eversion, and abduction/ad-
duction, as suggested by Cole et al.8 The 
model used for this case report consisted 
of the ﬁrst metatarsal, which was used 
to determine angle of ﬂexion/extension, 
as well as abduction/adduction, between 
the forefoot and hindfoot segments. Two 
banks of infrared cameras (Optotrak 
3020; Northern Digital Inc, Waterloo, 
Ontario, Canada), in conjunction with 
Motion Monitor software, Version 7.24 
(Innovative Sports Training, Inc, Chi-
cago, IL) was used to track IRED sets 
on each segment at a sampling rate of 60 
Hz. The ﬁeld of view of the Optotrak is 
2.25 m2 at a distance of 2 m. The manu-
 
TABLE 2
Descriptive Data for Each Kinematic  
Variable at the Midpoint of Each Rocker*
*Data are mean  SD degrees. Positive values indicate hindfoot inversion, forefoot dorsiﬂexion, and 
forefoot adduction. First rocker, 0%-20% of stance; second rocker, 20%-80% of stance; third rocker, 
80%-100% of stance. The 2SEM values were 1.2° for hindfoot eversion/inversion, 1.2° for forefoot plan-
tar ﬂexion/dorsiﬂexion, and 0.5° for forefoot abduction/adduction.
   9kijec 9kijec 
  E÷#j^[# Ieb_Z#7dab[ 7hj_YkbWj[Z# 
 Shoe Only Shelf Orthosis Orthosis Ankle Orthosis
First rocker    
 Hindfoot eversion/inversion –19.3  0.0 –17.4  0.4 –18.9  0.4 –17.0  0.4
 Forefoot plantar ﬂexion/dorsiﬂexion –16.9  2.5 –20.5  2.9 –20.2  0.9 –19.6  0.5
 Forefoot abduction/adduction –5.0  0.0 –7.7  1.2 –4.2  0.2 –2.6  0.8
Second rocker    
 Hindfoot eversion/inversion –19.2  0.2 –16.5  0.3 –18.7  0.6 –16.8  0.5
 Forefoot plantar ﬂexion/dorsiﬂexion –10.7  0.6 –16.8  1.0 –15.5  0.8 –16.7  1.0
 Forefoot abduction/adduction –4.9  0.7 –5.7  1.3 –3.9  0.8 –2.1  1.4
Third rocker    
 Hindfoot eversion/inversion –15.3  0.0 –14.3  0.3 –15.0  0.6 –15.9  0.3
 Forefoot plantar ﬂexion/dorsiﬂexion –20.4  0.2 –23.4  0.5 –26.2  0.5 –23.4  1.1
 Forefoot abduction/adduction –8.5  0.3 –10.1  1.1 –7.6  1.1 –4.7  1.4
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facturer reports accuracy of tracking 
an individual IRED at 0.1 mm, with 
additional studies also reporting excel-
lent precision and repeatability using 
the Optotrak system.28,39 Using a 10-N 
threshold of vertical forces, collected at 
1000 Hz from an embedded force plate 
(model 9286; Kistler Instrumente AG, 
Winterthur, Switzerland), initial con-
tact and toe-off points of the gait cycle 
were identiﬁed. Kinematic data were 
smoothed using a fourth-order, zero-
phase-lag Butterworth ﬁlter, with a 
cut-off frequency of 6 Hz. Trials were 
averaged and variables of interest were 
interpolated to 101 points (0%-100% 
stance) for comparison between the or-
thoses. The midpoint of each of the foot-
ankle rockers (10%, 50%, and 90% of 
stance) was chosen as representative of 
the various mechanical demands placed 
on the foot across the gait cycle and was 
used as a point to compare among ortho-
sis conditions.35
To aid in the decision of which ortho-
sis provided the greatest change in foot 
kinematics, an intraclass correlation co-
efficient (ICC3,1) was calculated and used 
to determine the standard error in the 
measurements (SEM). Two times the 
SEM (2SEM) was used to assess those 
changes that were above error and should 
be interpreted as meaningful differences 
between orthosis conditions. The 2SEM 
values were 1.2° for hindfoot eversion/
inversion, 1.2° for forefoot plantar ﬂex-
ion/dorsiﬂexion, and 0.5° for forefoot 
abduction/adduction.
EKJ9EC;I
T
he effect of the various orth-
oses was determined by compari-
son with wearing the shoe only 
(ie, no support except the shoe). In the 
frontal plane, small changes toward 
hindfoot inversion occurred with all 
3 orthoses, most notably during first 
and second rocker. The off-the-shelf 
orthosis and the custom articulated or-
thosis were the most successful in pro-
ducing hindfoot inversion compared 
to the shoe-only condition. Unexpect-
edly, the custom solid orthosis did not 
produce hindfoot inversion above the 
error range of the 2SEM when com-
pared to the shoe-only condition across 
the stance phase. During third rocker, 
changes were below the 2SEM error 
range for all 3 orthoses tested.
In the sagittal plane, between 2.7° 
and 6.1° of greater forefoot plantar ﬂex-
ion (raising of the MLA) was observed 
with all 3 orthoses tested, compared to 
the shoe-only condition. The effect was 
greatest at 50% of stance, when the foot 
was ﬂat on the ground. At third rocker 
the greatest forefoot plantar ﬂexion was 
seen with the custom solid orthosis.
In the transverse plane, the off-the-
shelf orthosis resulted in increased fore-
foot abduction, the custom solid orthosis 
produced no change, and the custom ar-
ticulated orthosis produced forefoot ad-
duction. The custom articulated orthosis, 
when compared to the off-the-shelf or-
thosis, resulted in between 3.5° and 5.4° 
greater forefoot adduction.
Following the recommendation to 
wear the custom articulated orthosis, the 
patient was contacted by telephone for 
a 3-month follow-up. She continued to 
wear the custom articulated orthosis an 
average of 4 to 5 hours a day when she 
was most active on her feet. The patient 
continued to report that her foot felt the 
most supported in the custom orthosis 
but, when it was removed, her foot was 
still out.
:?I9KII?ED
B
ased on the clinical presenta-
tion and kinematic testing of the 
3 orthoses, a decision was made 
on the most effective orthosis for this 
patient. The patient was encouraged to 
wear the custom articulated orthosis 
because (1) this orthosis provided the 
greatest correction of ﬂatfoot kinemat-
ics, compared to only wearing a shoe, and 
(2) this orthosis contained an articulated 
ankle, allowing ankle plantar ﬂexion/
dorsiﬂexion movement, which may be 
beneﬁcial to minimize weakness induced 
by wearing a solid orthosis. Given her 
complaints related to her foot being out, 
continued weakness despite rehabilita-
tion, and severe foot deformity, a more 
costly and supportive orthosis was clini-
cally justiﬁed. Although changes toward 
improvement in ﬂatfoot kinematics were 
observed with the custom articulated-an-
kle orthosis, complete correction of foot 
deformity was not achieved, suggesting 
that further improvement in orthosis de-
signs are needed.
Overall, for hindfoot inversion, the 3 
points of pressure used by each of the 
tested orthoses to correct alignment pro-
duced small changes. The 2 orthoses with 
a freely moving ankle joint were associ-
ated with the greatest changes towards 
hindfoot inversion. This may be the in-
ﬂuence of muscle function to provide ad-
ditional hindfoot control with the freely 
moving ankle joint. Movement at the an-
kle may allow greater use of the plantar 
ﬂexors, including the triceps surea, as 
well as the deep posterior compartment 
muscles (tibialis posterior, ﬂexor digito-
rum longus, and ﬂexor hallucis longus). 
These muscles also cross medial to the 
subtalar joint and contribute to inver-
sion.22 At the end of stance, each of the 
3 orthoses offered no greater control in 
hindfoot inversion than the shoe, with 
all changes smaller than 1°. The large 
forces transmitted through the foot at 
the end of stance may limit the effective-
ness of orthoses at this point in stance. 
It has been argued that small changes 
of 2° may be clinically meaningful if 
these changes are able to unload sup-
port structures during repetitive tasks 
such as walking.16 Changes of greater 
than 2° were observed when testing the 
2 orthoses with a movable ankle. Never-
theless, given the excessive (greater than 
15°) hindfoot eversion observed in this 
subject and the small changes that were 
associated with wearing the orthoses, 
greater corrections in hindfoot control 
are needed.
Forefoot plantar ﬂexion occurred with 
each of the orthoses across all 3 phases 
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of stance, suggesting an unloading of the 
ligaments such as the spring ligament. 
Forefoot plantar ﬂexion in this kinematic 
model is reﬂective of raising the MLA, 
with changes between 4.8° and 6.1° oc-
curring during the midstance phase of 
gait (50% stance). During the midstance 
phase, the 2 articulated orthoses were 
associated with slightly greater changes 
(6.0° and 6.1°) in forefoot plantar ﬂex-
ion compared to the solid orthosis (4.8°). 
This is in agreement with in vitro data, 
in which a custom-molded articulated 
orthosis was associated with greater 
changes in MLA height, compared to a 
solid orthosis.19 It remains unclear what 
design components make the articulated 
orthosis more successful in correcting 
arch height at midstance; however, our 
hypothesis, again, relates to improved 
dynamic support of the foot when ankle 
motion is allowed, due to recruitment 
of ankle musculature. There was also a 
strong effect towards maintaining the 
height of the MLA observed with the 
custom-molded solid orthosis at the 
end of stance. The end of stance was 
not evaluated in previous in vitro stud-
ies and suggests support for the spring 
ligament when large forces are trans-
ferred through the forefoot. The lack of 
a moving ankle may alter gait patterns 
and contribute to further weakness in 
this subject; but this may be a necessary 
consequence of unloading the forefoot at 
the end of stance.
The airbladder component of the off-
the-shelf orthosis was unable to correct 
advanced forefoot abduction deformity, 
while the design of the custom articu-
lated orthosis provided greater correc-
tion. Forefoot abduction may contribute 
to excessive loading of the tibialis poste-
rior tendon13 and was poorly controlled 
in some subjects tested with an off-the-
shelf orthosis in a previous study.13,33 
This case suggests that the off-the-shelf 
orthosis worsened forefoot abduction 
compared to the shoe condition, which 
may be due to placement of the inﬂated 
air bladder in subjects with advanced 
forefoot abduction deformity. When the 
forefoot is abducted, the airbladder may 
push the forefoot into further abduction 
when inﬂated. Across all phases of stance, 
the custom-articulated orthosis produced 
forefoot adduction, while the solid ortho-
sis had a minimal effect and the off-the-
shelf orthosis produced greater forefoot 
abduction. The footbed of the custom 
articulated orthosis is closely ﬁtted to 
the plantar surface of the foot, with trim 
lines that extend around the posterior 
aspect of the calcaneus and distal to the 
metatarsal heads. This close ﬁt may pro-
duce forefoot adduction over the ﬁt of the 
other orthoses.
This case report sought to determine 
the best orthosis for this patient from a 
group of 3 AFO styles, based on improve-
ment in ﬂatfoot kinematics. The recom-
mendation to use the custom-articulated 
orthosis was based on correction of ﬂat-
foot kinematics, and the patient agreed 
with this recommendation based on 
comfort. The primary foot kinematics 
deemed important to control, for this 
patient, included hindfoot eversion, fore-
foot abduction, and a low MLA. The 3 
orthoses compared in this study all were 
designed to target these foot kinemat-
ics and have demonstrated positive out-
comes.3,6,26 The procedures to test each 
orthoses in this case report are not pos-
sible in clinical practice but, rather, were 
used to demonstrate the effects of the 
speciﬁc orthoses on foot kinematics in 
a patient with advanced stage II PTTD, 
who presented with a ﬂatfoot and ankle 
weakness. Further research may expand 
the procedures used in this case to ex-
amine the effects of articulated-ankle 
components and muscle function in in-
dividuals with PTTD. In the presence of 
only small changes seen in this subject, 
despite marked ﬂatfoot deformity, other 
orthoses designs may be considered. 
For example, in-shoe foot orthoses with 
medial posting have been suggested to 
manage hindfoot eversion and forefoot 
varus, such as observed in this subject. 
Although current orthoses have targeted 
foot kinematics to unload the tibialis 
posterior tendon and spring ligament, 
future studies may consider alternate 
device designs for patients similar to the 
one presented in this study. Additional-
ly, experimentally controlled studies are 
needed to provide more information on 
the long-term clinical outcomes expected 
from different orthoses.
This patient presented with advanced 
ﬂatfoot deformity but mild complaints 
of pain and only limited functional loss. 
An articulated-ankle component was 
one feature noted in the custom ortho-
sis that provided the greatest improve-
ment in foot kinematics. The presence of 
only a mild to moderate strength loss in 
this patient may suggest risk for further 
strength loss, should the solid-ankle or-
thosis be adopted. The consistent ﬁnding 
in this patient of improved kinematics 
with the articulated versus solid ankle 
design underscored the importance of 
allowing ankle movement for foot func-
tion. Further, the hinged orthosis design 
was the only orthosis that inﬂuenced this 
patient’s chief cosmetic complaint of her 
foot being out.
9ED9BKI?EDI
T
he most appropriate of the 3 
orthoses considered for the cor-
rection of ﬂatfoot deformity in this 
patient was the custom articulated or-
thosis. Although at a considerably higher 
cost than the off-the-shelf orthosis, the 
custom articulated orthosis produced 
similar improvement in hindfoot inver-
sion and forefoot plantar ﬂexion but also 
resulted in more forefoot adduction. This 
was in contrast to the off-the-shelf or-
thosis, which was associated with greater 
forefoot abduction, and to the solid-ankle 
orthosis, which minimally improved fore-
foot abduction. It should be noted that 
relatively small changes in abnormal foot 
movement were observed with all the or-
thoses, despite, in some cases, expensive 
custom designs. T
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